The depolarized Rayleigh scattering spectrum of a liquid composed of anisotropic molecules reflects the reorientation of molecular pairs as well as single particle reorientation. A depolarized Rayleigh scattering study can thus yield direct information about single particle reorientation and about orientational pair correlation (OPC). According to the Stokes-Einstein model the Single particle reorientation time, T.o' is known to be proportional to TIlT, where 1) is the shear viscosity and T is the absolute temperature. Thus, it has been proposed that T. can be obtained from a concentration dependent depolarized Rayleigh light scattering study. The depolarized Rayleigh reorientation time, T RaJ" extrapolated to infinite dilution in an optically isotropic solvent is equal to T.t' This assumes, however, that the TRay values at each concentration can be scaled to a value corresponding to the viscosity of the neat liquid.
While the Stokes-Einstein model for single particle reorientation requires T =CTIIT, where C is a constant depending upon the boundary conditions used in the calculation, for some molecular systems the light scattering experiments yield a finite intercept in the T s vs TIlT plot. 3 Under this circumstance it is necessary to take the finite intercept into account when scaling the TRay values.
For solute-solvent systems with weak intermolecular interaction viscosity scaling of the relaxation times according to a Stokes-Einstein relation have been shown to give reliable single particle relaxation times. 1.2 In systems with stronger interactions such as hydrogen bonding or complex formation this method has shown mixed results. For example, in the pyridine-CCl 4 system with a strong solute-solvent interaction due to complex formation between the lone pair electrons on the nitrogen atom and the chlorine atoms the scaled relaxation times when extrapolated to infinite dilution
give accurate values for T!. For the hydrogen bonding pyridine-H 2 0 system, however, viscosity scaling fails drastically. 4 In this note we report the results of a depolarized Rayleigh light scattering study of the pyridine-cyclohexane system which also exhibits a significant solute-solvent interaction. The interaction is displayed in a strongly nonlinear viscosity-concentration relation.
5
The experimental setup and method by which the depolarized Rayleigh relaxation times are extracted from the experimental spectra have previously been given. (1) where I is the static OPC factor, g is the dynamic OPC factor, and n is the number density of scatters. A recent calculation suggests that for linear and symmetric top molecules dynamic OPC does not affect TRay' 7 This result is however challenged by Wolynes and Deutch. 8 While pyridine is strictly an asymmetric top it is isoelectronic with benzene with a polarizability tensor nearly equal to that of an oblate symmetric top.8 Also, experimental evidence for other asymmetric tops suggests g is nearly zero in the light scattering experiment. 9 .10 Therefore, for pyridine we have TRay "'" T .(1 + In). In Table I we have given the measured TRay and TI values as a function of pyridine concentration. Also given are the scaled relaxation times, scaled to the viscosity of neat pyridine.
One notes that, to within the experimental accuracy, the scaled relaxation times are independent of pyridine concentration. This is in agreement with the results of Letters to the Editor the pyridine-CCl 4 study and confirms that static OPC in pyridine is insignificant. This is in agreement with the experimental observation for benzene. 11 Therefore, viscosity scaling of TRay in the pyridine-cyclohexane system is valid in which the viscosity versus concentration curve shows a minimum due to strong solutesolvent interaction. The TRay values are plotted versus 1)/T in Fig. 1 for neat pyridine as a function of temperature and for pyridine as a function of concentration in cyclohexane at 20°C. The agreement between the two measurements is within the experimental error. Because OPC in pyridine is insignificant, TRay in this system is a measure of single particle reorientation.
